AEAAR T AWM d 0 iM e Mo, Ll F MMl MW e N e B a W el - W
LN W M E o m m mem

AD-A190 841 gmmﬂiﬁ__%

DOT/FAA/AM-88/1 An Evaluation of the Effects of

Offfice of Aviation Medicine High Visual Taskload on the
Washington, D.C. 20591

Separate Behaviors Involved in
Complex Monitoring Periormance

Richard l. Thackray
R. Mark Touchstone

Civil Aeromedical Institute
Federal Aviation Administration
Oklahgma City , OK 73125

January 1988

This document is availabie to the public
through the National Technicai information
Service, Springfield, Virginia 22161

A

US. Department of Transportation
Federal Avigtion Administnation

88 8 22 094



Technicel Report Documentotion Poge

1. Report No. 2. Government Accession No. 3. Reciprent’'s Catalog Ne.
FAA-AM-88-1 ﬁ ﬁ ?0 b 4 /

4. Title and Subritle M Q hf / 3. Renert Date
AN EVALUATION OF THE EFFECTS OF HIGH ViSUAL January 71988

TASKLOAD ON THE SEPARATE BEHAVIORS iNVOLVED
IN COMPLEX MON!TORING PERFORMANCE

6. Performing Orgamization Code

(8 Performing Organization Report No.

7. Author's)
Rlichard . Thackray and R. Mark Touchstone

9. Performing Organization Noame and Address 10. Work Unit No. (TRAIS)
FAA Civil Asromedlica! Instltute

P. 0. Box 25082
Qklahoma City, Okfahoma 73125

1. Controct or Gront Ne.

13. Type of Report and Period Coverad

of s 183 8T AVTsE 1SN Medicine

Fedaral Aviation Administration
800 Indepsndence Avenue, S.W. 4
Washington b.C. 20591

. Sponsoring Agency Code

15. Supplementary Notes

This work was performed under tasks AM-C-86-PSY-104 and AM-D-87-PSY-104.

16, Abstrost

Opercticncl monitering situations, in controst to typicol Ilgboratory vigilonce tasks, gensrclly
involve more than just stimulus detection ond recognition. They freguentiy Involve complex
multidimensionai discriminations, interpretations of significonce, decisions os to appropriote
action, implemcntaion of actions, and evaluation of consequences. A s mulated air troffic controi
(ATC) task was developed to study the effects of proionged monitoring en o number of such bahaviors
embedded in the context of the tosk. Ail subjects performed the task under relctively high visual
taskload conditions for o single 128-min sossion.) Two types of critical events requiring different
levals of information processing for dete€tion were empioyed. One type of event consisted of o
raadily detectible lose of cititude inforedtion in on alphonumeric data block; a sccond type of
event invoived the detection of twe Bircroft ot the sane altituds an the zame flight path. Tails
latter event roquired continucus, successlve comperisons of dota blesks in order 40 be dstected.
Following detection, a decision wos mode o8 to whather or not tha situation might resuit in a
potential conflict {collision). uoﬁsurot derived from tha implementotion of each typse of dacision
encbled acquisition of date on \szert-torn asmory, decision time ond decision errors. procedursi
errors, and speed of motor movement.” The results revecled that time to detect wircraft at the some
altitude increosed significantly over the monitering period os did omission errors for this type of
event. Detection timo for the more readiiy detectibie clphonumeric changaes invelving loss of
alititude information showed no evidence of impcirment, nor wae ony impairment found for any of the
other task behoviors thot were measured. The findings ars discussed with referencs to provioue
studies suggesting thot complex monitoring primoriiy affects attentional processes and that tha rote
of decline in attention oppeors to be reloted to the degree of information processing required for
event dcteetifg;

! TR

_‘i?’,}l(ﬂirii; 18. Distribution Stotement
Alr traffic control, attention, Document (s avallable to the public
automation, monltoring. performance, through the National Technical
vigilance - . - -.. - ﬁu—vﬁ,7j+hje& *mttftm‘ information Service,

Learetory dezts :k4:éu€ . Springfield, Virginia 221861

19. Seeurity Classif. {of this repert) 2. Security Classif. (of this page! 21 Mo, of Poges | 22. Price
Unclassified Unciassified 13

Form DOT F 1700.7 .72 Reproduction of completed page cuthorized

”~

L



NOTICE

This document Is dissemlnated under ths sponsorship of the Department
Transportation in the interest of information exchangs.
Governmant assumes no lliabkility for

of

The United States
Its contents or use thereof.

Accession For

| NTIS GRAXI %
» DTIC TAB

| Unannounced (&
Justification e

By.
Distribution/
Availebility Codes

t |Avail and/or
iDist | Speeisl

i N
<.

e



AN EVALUATION OF THE EFFECTS OF HIGH VISUAL TASKLOAD ON THE
SEPARATE BEHAVIORS INYOLVED IN COMPLEX MONITORING PERFORMANCE

1. Introduction

It is Increasingly roecognized that modern operatlional vigilance tasks,
such as thoss related to air traffic control, nuclear control room
operation, security-surveiliance systems otc., invoive more than simply
detecting and responding o Infrequent critical events. They frequently
Involve complex multidinensional discriminations tn which stimuiius
detection or Identification may be foliowed by Interprestation of
significance, declisions as to appropriate action, Implementation of
actions, and evaluation of consequences (Craig 1984, Mackle 1S84). Yet,
traditional vigllance studies, for the most part, seldom look at bshaviors
other than those directly related to stimuius detection. This would
appear to be true not only for laboratory studies using simpie vig!lance
tasks, but for studles of complex monitoring performance as well (see
Davis and Parasuraman 1982, Parasuraman 1986 for recent reviews),.

in an effort to examine the affects of prolonged monitoring on behaviors
other than Just stimulus detection, we have developed a laboratory
simulation of an air traffic control (ATC) task that incorporatos many of
the aspects of real-life monitoring situations. As It Is currentily
configured, the task similates an Intermediate teve! of ATC automation In
which the computer acts as an ald to the controller in resoiving alrcraft
conflilct situations. Ailthough monitoring for Infrequerit ovent detection
constitutes the principal task requirement, the task was deveioped to
shable acquisition of data on short-term memory, decision making,
procsdural errors, and spesed of motor movement.

Our Intitial study with this task examined the relationship of both visual
taskioad and target diffilculty to detection parformance (Thackray and
Touchstones 1985). Subjects monitored elther 8 or 16 alphanumeric targets
in order to detect critica! events reguiring different levels of
informat ion processing for detection. ©One type of event consisted of a
readlly discerniblie changs in the contents of an aiphanumeric data block;
a2 second type of critical svent Involvad the datection of two aircraft at
the same aititude on the same fllight path. This latter event regulired
cont inuous, successlive comparisons of data bliocks In order to detect is
occurrence. ¥hi'a the more readily detectikie evants showed no evidence
of performance decline at either 1level of visual taskload, the more
difficult to detect altitude events showed evidence of impalirmant that was
significantiy refated to taskioad; the number of such events not detected
incrsased significantly under the higher, but not under the lower,
taskload condlition. Fatigue, resuiting from the effort reguired to
continuously scan and process Information from a large number of targets,
was coffered as a possible explanation for this Impairment. This
explanation was supported by the finding of a significant decline in
critical flicker fraguency (CFF) that occurred under the 165-target, but
not the 8-target condition.

Because slements of ths task just described were still being developad at
the time tha above study was conducted, only data relating to datection
efficlency (time and errcrs) were analyzed in that study. The present



study represents an extenslon of thls earlier one and was conducted to
determine whether the apparent fatigue resuiting from prolonged monltoring
under high taskload conditions affects only attentiona! processes or
whether other behaviors relevant to complex monitoring show impairment as
wall. Effactive aliocation of functlion In increasingly automated systems
requires information on how prolonged monlitoring may affect all
performance aspects of such tasks, not Just those rslated to attention.

The present study also sought to provide further Information on thea visuai
behavior of sublecis during times when critical events are missed.
Findings obtalned in several of our previous studies suggest that critical
events (e.g., altitude changes) are either missed (Thackray and Touchstone
1985) or are responded to with excessively long detection times (Thackray
and Touchstone 1980) in spite of the fact that subjects appear to be
scanning the cdisplay throughout ths session. in the currsnt study,
videotaped recordings of sye movement activity and faclal orilentation were
obtained In order to assess visual behavior of subjects during those times
when misssd events occurrad.

2. Methods

2.1 Subjects. Forty-eight men and women, all pald university students,
volunteered to participate in the study. Subjects ranged in age from 18
to 29 years, had 20/20 uncorrected vision, wers nonsmokers, and had no
prior experlence with the task used or previous ATC tralning. None were
currently taking any prescription medication on a regular basis.

2.2 Apparatus and JTask Design, The basic experimental equipment consisted
of a Dlgital Equipment Corporation (DEC) VS!'1 19-in (49-cm) graphics
display, keyboard, and Joystick, ail of which were interfaced with a VAX
11/730 computer (DEC). The computer was ussc both to generats input to
the display and to process subject responses. The VS11 was Incorporated
Into & console designed to closely resemble an ATC radar unit. Two
diagonal, nonintersecting flight paths were located on the dlisplay, along
which alrcraft targets could move in elther direction. A glven aircraft’s
location was displayed as a small *blip” on the fiight path, and an
adjacent alphanumeric data block Identifled the aircraft and gave its
altitude and groundspeed. Aircraft wore updated In position and any
change Iin iliphanumerics every 6 sec. Figure 1 shows a typical target
pattern as dispiayed 1o the subject, with the total console-dispiay
cenfiguration shown in Figure 2.

The subject’s task was to continualiy monitor the display for one of two
types of chznge in the alphanumeric data blocks. The duration of each
type of change (referred tc as a critical event) was 80 sec; if a subject
failed to detect 2 critical event within this S0-sec period, the data
block containing the change reverted to its pravicus state.

The flirst type of critical event was readily detectable and consistaed of
three X's in place ¢f the three altituds numbers in a given data block.
Sub jects were told that this replacement of an altitude value signifiad
that a transpondar malfunction had occurred resuliting Iin a loss of
altitude information. Upon detection of such an event, subjects were toid
to press a designated button on the console, move a joystick-controliled
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FIGURE t. A TYPICAL TARGEY CONFIGURATION AS DISPLAYED TC THE SUBJECT.

FIGURE 2. THE SIMULATED ATC WORK STATION. ONLY THE CONSOLE ON THE LEFT
WAS USED IN THIS STUDY.



cursor over the cdata block contalining the critical event, and to press
another button on the Joystick control unit, This last response
*corracted” the ma'function by replacing the thres X's with ths provious
altitude value. The second typs of critical svent was mors difficult to
detect, since it was not immediately apparent. This aevent was the
occurrance of two alrcraft at the sams altitude on the same fIlIight path.
As soon as such an evant was noted, subjects pressed a second console
button. It was next determined whether the two aircraft were moving
towards each other, away from each other, cor Iin the same dlirectlion. on
the basis of this determination, subjects then pressed either a “Conflict*
button (indicating that the aircrafi were moving towards each othsr) or a
"No Conflict* button {(indicating that the alrcraft were elther moving away
from sach other or were moving Iin the same direction). In order to
prevent overlapping data blocks, al! aircraft in this study were assigned
a constant speed of 450 knots. Thus, only targets moviag towards each
other would constitute a pgotential conflict situation. Following a
“conflict” declision, the cursor was positioned over one of the two
conflicting alrcraft, and the Joystick contro! button was pressed. This
caused the computer to assign a new altitude vatue to one of the two
conflicting alrcraft and display this value, along with the alrcraft’s
Idantification Iin a box at the lower left of the gcreen. Subjects then
verified that the computer-assigned altitude did not resuit in a conflict
with some other alrcraft on the flight path. If no new conflict was
created, a ksyboard entry was made that assigned the new altitude value to
one of the two praviously conflicting aircraft. (Although subjects were
led to belleve that a computer-assigned altitude might occassionaily
rasult In 2 corflict with some other aircraft, In actuatity this never
occurred.)

Whenever a "no conflict” response was made, no further action ensued,
since no changs In altlitude was required. Subjects wsre toid thait the
altitude of one of the two nonconf!lcting aircraft would eventually change
to some other valua (this change always occurred 60 sec aftar ths o
confltict response was made) and that they had to remember that they had
responded to this particutar palr of alrcraft. |If they failed to remember
and responded a sacond time, a memory 6rror was recordec.

The numter of targets on each flight path was kept equal at ail times; as
one left the screen, another appearad. Nine critical events occurred In
each 30-min perlod, with no more than one avent pressnt at any given time,
Of these nins events, three were XXX's, throe were conflicting altitude
changes, and three were nonconflicting changes. These events were
arranged In a quasi-random order with the restriction that each of the
three types of events had to occur at least once in both the first and
sacond i5 min of each 30-min period. Subjects were given no Infcrmation
regarding the freguency of events or their order of occurrence. The times
betwesn events (Interstimulus intervals) ranged from 128 to 302 sec with a
mean of 200 sec.

2.3 Yideo Racording Wathodojogy,

A mintature Sony CCD TY camera was mounted in the lower left cornar of the
console at an approximate 45 degree angis to the subject’s face. The
output of this camera was combined, by wmeans of a speclal effects
generator, with the output of a second camera located to the rear of the



subject that was used to reacord the contents of the s=imulated radsr
display. The combined cutputs of both cameras wsere digplayed on a vidao
monltor. A smill Indicator (ight, not v.sibia to the subject, was located
above the conscls and was momentarily itliluninated sach time a critical
avent occurred. Cont inuous videotaps recordings enab'‘ad subsaquant
playback 2and anxlysis of the subject‘s visuai bashavior during times when
eritical evants were not detected.

2.4 Procedure

On arrival, subjects were played a tape recording that stated that this
axperimant was part of a serles of studies designed to Investigate the
role of the controller In Increasingiy automated ATC systems. They were
told that the task was designed to simulate an Iintermedlate level of ATC
automation in which computer aids are used to ascist the controiler. They
were then glven task Instructions and separate practice In responding to
sach kind of critical event.

In order to add a greater element of rualism to the task, a tape recording
of background nolises recordad In actual alr trafflc control radar rooms
was piayed continuously during the 2-hour task sesslion. Sound level of
this noise at ths subjlect’'s head locat!ion was 62 dBA. 1t was not sxpected
that this would have any effect on performance, <cince an earlier study
using a previous version of this monitoring task falied to find any
signiflicant performance effects of this noise at 2 considerably higher (80
dBA) level (Thackray 1982). At the completion of the 2-hour task perfod,
subjects wers glven & thbrough debrisfing concarning the purposes of the
exper iment.

3. Results

3.1 Target Detection Time and Errory of Qmiasion.

As described earlier, subjects monitored the display for the occurrence of
either one of two typos of events. The first typa of svent, signifying an
ajtitude malfuction, consistad of an XXX that repiaced the <three-dig!t
altituce value In an alphanumeric data block; the sscond typs of event,
constituting a potuntial confiict or no conflict situation, could only be
detected through continuous compar isons of sach target’'s altlitude with the
altitude values of all other targets on a glven flight path.

Figure 3 shows mezn detection times across 30-min periods for both types
of event. Separate repeated measures analyses oOf variance (ANOVAS)
appiiad to these data reveaisd no significant change across ths 2-hour
gession In detectlon time for altitude maifuction events (F(3/141)=1.68,
p>.05), but a significant Iincrease In time to detect poszsibie conflict/no
confiict sltuations (F(3/141)=15.47, p<.001).

With regard to errors of omission, the more roadily detectable malfuction
evants ware naver missad by any of the subjects. For alrcraft at the sams
aitlitude, however, 71X of all subjects missed at Ileast ons of these
occurrences during the two~hour session. Since the actual prooortion of
svents missed relative to events presented was rather smali, it was
decided to compare omission rate during the first and second hours of tasik



performance rather than during separate 30-min perliods. Combining across
subjects and w»vents revialed that 21 of the conflict/no conflict events
were missed during the first hour and 77 during the second, vielding miss
rates of 4X and 13% respactively. A Wilcoxon comparison of the first and
second hours reveailed the Increase in miss rate to be significant (p<.05).
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EVENT DIFFICULTY.

3.2 Declision Yime apd Reclislon Errors.

Following a subject’s response to the detection of two alrcraft at the
sames altitude, a decislion was made as tc whether the situation represanted
a potentiat confllict or a no conflict situation. The tims from detection
response to declision response was obtained for each altitude event for
sach subject with means dispiaysd in Table 1. Also shown in Table 1 are
data for a second measure of decision tima. This measurs consisted of the

TABLE 1. MEAN TIMES (IN SEC) FOR SEVERAL MEASURES OF DECISION
BEHAVIOR DURING THE TWO-HOUR SESSION.

Thirty-minute Perlods

Mesasure 1 2 3 4

Conf/No Conf 6.29 5.77 6.12 6.11
Decision Time

Time to Accapt 4.36 3.79 3.95 3.87
Alt Rasolution




time between a subjecti’s Interrogation of the computer for Its suggested
resolution to a conflict and acceptance of thls resolution. Separate
ANOVAs performed on the two sets of data shown Iin Table 1 revealed no
evidence of any Increase or decreasa In conflict/nc conflict decison time
across the 2-hour sesslion (F(3/141<1.00) nor any evidence of a significant
change In acceptance time for computer-generated altitude resolutions
(F(3/141=2,22, p>.05).

Declsion errors were recorded whenever a confiict decislon was made to a
no conflict situation or a no confiict declsion to a confllict situation.
If the incorrect decisicn was then followed by a sequence of behaviors
appropriate to the declsion made, this would suggest an Incorrect
interpratation of the altitude event; If the Incorrect deciston was
followed by a sequence of behaviors that would have bean zpproprlate to
the opposits decision, one could Infer that the subject had made a
careless eorror In not pressing the button intended. Only 3 errors of the
latter type were dccumented, suggesting that carelassness was not a
significant factor In incorrect decislons. With respect to the former
type of error, 14 were made during the first hour and 8 during the second,
ylelding error rates of 2% and 1% respectively. The Wiicoxon comparlson
of first and second hours was nongignificant (p>.05).

3.3 Moter Movement Jime.

In ordar to obtaln an indication ¢f possible changs In the speed of motor
activity with time on the task, measures were obtained that refiected the
time taken by subjects to move the Joystlck-controlled cursor from the
bottom of the screen and Iocate It over the data block contalning a
critical svent. Two simllar, but separats measures of such behavior were
obtained; those assocliated with corracting malfunction events and those
assocliated with resolving attitude conflicts. Mean times for sach measure
ars shown In Table 2. Separate ANOVAs ylelded no evidence of a
significant change in time to coapliste either of these two movement
sequenced during the 2-hour session (F(3/141) <1.00 In both cases).

TABLE 2. MEAN CURSOR MOVEMENT TIMES (iN SEC) ASSOCIATED WITH
RESOLVING MALFUNCTION EVENTS AND ALTITUDT JONFLICTS.

Thirty-minute Periods

Measure 1 2 3 4
Movement Times 6.86 7.22 &.47 6.45
for Malfunction

Events

Movement Times 6.60 6.59 7.28 6.66
for Altitude

Conftict Events




3.4 Memory Errors.

Whenever a no confllct decislon response was made to two aircraft at the
samo® altitude on the same f'ight path, the altitudes of these two aircra’t
remained ths same for a 60-sec period following the decision responss.
During this time period, If a subject falled to remember having previously
responded to these two alrcraft and made a sacond detection and declision
response, a memory error was recorded. The frequency with which such
arrors cccurred was found to be quite small. During the first hour of the
sasslon, 4X of the no conflict situations were responded to twice, while
during the second hour, the error rate dectined to 3X. A Wlicoxon test
revealed this decrease t¢o be nonsigniiicant (p>.05).

3.5 Procedural Errors,

As descrlbed previously, detection respcnses to both maifunction and
aititude conflict events weres always foliowed by a sequence of bshaviors
that served %o résolve the particuiar event. Whenevetr any element of
these behavioral sequences was performed out of order, was omitted, or an
incorrect elemsnt added to the sequences, a procedural arror was recorded.
Such errors, Ilke the menory errors above, occurred quite infrequently,
with an error rate of only 2X during tha first hour and 4X during the
second. A Wilcoxon test performed on thase data revealed the Incraase (n
errors from the first to the second hour to be nonsignificant (p>.05).

3.6 Yideotape Analys's of Omigsion Errors,

Videoiaped recordings of each subject’s visual behavior during the ssssicn
were examinad, specifically with regard to visual activity during timss
when altlitude events were not detected. Thus, for each missad conflict/mo
conflict eavent, visuai activity was sxaminad over the 90-sec period that
the svent was pressent on the screen. Because of probliems with the vidso
recorder, and because tho subject’s seating position at timec prevented a
compliste analysls of facial orlentation and visual activity over the
entire 30-sec poriod, not all nissed events could be analyzed. Of the S8
events missed by the subjlects, there ware 40 events for which visual
acilvity data was availablie during ali of ths 90-sec scoring period. As
indicated earller, the intent of this analyszis was not to provide preclse
information on fixation times, fixation points, or scanning pattsrns, but
rather simply to gain information on general visual activity during times
when sublecte falied to dotect aircraft targets at tha same altitude.
From preliminary viswing of the tapes, it was determined that any portion
of the scoring period could be categorized in one of thres ways: (1) Eves
open, head or lented toward screen, continuous scanning; (2) Eyes ciosad;
(3) Eyes divertad from screen.

The above catagorlies, while admittediy rather quatitative, served the
purpose for which they were Intended. This wag to ascertzin the extent to
which tha increasse In fregusncy of missed events that occurred during
monltoring couid be attributed to subjects falling to detect thess svents
sluply because their ayes ware either closed or divarted away from the
display. Anaiyses of tha tapes revealed that 97X of the scorable missed
events occurred during perliods in which subjects had their eyss opan and
were actively scanning the dlisplay, One avent was missed because a
subject’'s eyes were divartesd rrom tha display, but no missed events could



be attributed to a subject’'s eyes being closed during the time tiz event
was present.

4. Discussion

Detaction times for tiwe alphanumeric changs used to Indicate an altitude
malfunction showed no evidence of any lncrease over the 2-hour session.
Mean detsction time averaged 9.2 sec, and these events wore naver missed
by subjlects. The time required to detect aircraft at the same aititude,
howaver, increased significantly over the ssssion, from an average of 18.6
sac during tha first half hour to 28.8 sec during the final ha!f-hour
period. In addition to the increzse In detection time, the frsguency with
which such events complately escapsd deieclion by subjectis also increased
signifiezntly. Four percent were missed during the first hour and 13X
during the second. Taken together, these findings ara consistent with
those cbtained previously using thls task under comparable taskload
condlitions (Thackray and Touchstone 1985).

Althcugh the abllity to detect aircraft at the same altlitude showsed - lear
evidance of impalrment over the 2-hour sassion, the processes contr:suting
t¢ this impairmant ares not immediateiy zpparent. Cilearly, the abllity to
detect such events Invoives more than just attsntion; mamory and scanning
wouid also appsar to be important components. Yet with regard to the role
of memory as a contributer to this dsclins, it should be noted that none
of the cother functions ¢r subtask efements involving memory that were
measured in the present study showed any evidencs of decline Guring
monltoring. Thus, neither failures to remember having respondsd to a
particular no conflict altitude event nor failures to remsmber corract
procedurai sequsnces lncrsassed In fregquency during the sesslon. In like
manner, although only a gross assessment of scanning activity was pozsible
from the videoiaped recordings of visual activity, thers were no obvious
indications that scapning was not taking place during times when
behavioral evidonce ( _set everts) might suggest inattent iveness.
Further, ths fact that datection titimes for the readily perceivable
malfunction svents showed no change across the session would also suggest
that decreased scanning activity par se would not appear to be rasponsibie
for the deciline In ability to detect alrcraft at the same altituds. One
is lTeft tc conciude, then, that the decrement asscciated with these events
would appear (o be specific to attention. A simiiar conclusion was also
reachad by Johnston at Aal. (1968) in an earlier study of compiex
monitoring. Perfcrmance deacrement undsr hligh taskioad conditions was
found to resuit primarily from an increase in lapses of attention, the
magnitudse of which did not appear tc be uniquely affected by differences
in memory raguirements of the task conditlons amployed.

Memory was not the only aspect of performance that falied to change during
monitoring. Thare was also no evidence of change In measures of decision
time, decision arrors, or moior movement time. These findings are
difficuit to evaluate because, as noted earlisr, studles of complex
monitoring seldom report on behaviors apart from those directly reiated to
stimiius detection. However, a few comparisons can be made. In an early
study by Adams at al. (1981), an alr trafflc surveiiiance task was used
to study tha effect of proloriged monitoring on decision making, in
addition 1o the usual measures of target detecticon. Haif of the subjscts



made only a simple detection response to an alphanumeric symbol change
while the remaining haif were reguired, following detection, to make a
four—-choice evaiuation Indicating the nature and location of tho change
that had occurred. Over a 3-bour monitorlng sesslop, performance declinsd
in the simple detection condlition, but showed no evidence of deciire In
the condition in which declsions were reguired. These findings suggest
that the deciston requirements, rather than adding to performance
decrement, appeared to have pravented |t.

With regard to motor mavement time, a subsequent study by Adams at atl.
(1962) agaln used an air trafflc survelllance task to examine the effect
of nine consecutive dally monltering sessions, each 3 hours long, on
detectlon :time and on the movemsnt time required to compliete ths detection
rosponse. This latter measure consisted of the time betwesen the Initial
detection responss and respense to a second button on a pane! 16 [nches
away. Although movement time did siow significantly within each gsession,
the actual magnitude of this slowing was remarkably smail, amounting to
approximately 50 msec.

The findings of the present study tha: performance decliine under high
(18-target) taskload conditions was confined to attentional behavior, rnd
within that reaim only to the more difficult task of detecting two
alrcraft at the same aititude, would appear to support conclusions reached
by Davis and Parasuraman (1982) that Informatlon p:ocessing demands placed
on the observer may be one of ths more significant determinants of
perrormance decline in monltoring tasks. In order to &xamine this
possibility within the context of our previous research, a post hoc
compar is~n was made of the present findings with those of two of our
eariier studies. All studies were aquivalent In terms of the number of
aiphanumeric targets employed, critical event rates, and task durations.
The principal difference betwsen studies was In the type of critical
avents used. !n the earliest of thess studies (Thackray et at. 1879),
the critical event consisted of the replacement of an alreraft’'s normal
altitude value with the number "998.* This critical stimulus, much like
the malfunction events of the present study, was a readily apparent
stimulus change requiring minimal information processing for its
detection. In a subsequent study (Thackray 1982), critical stimuli
consisted of 2 change in an aircraft's displayed altitude to a value that
either exceeded cn upper !imit or was teiow a fowsr one. Like the "999~
used in the earller study, such changes cou!d also be detected without
refersnce or ccmparison to any other informatfon displaysd on the screen.
Information processing requirements In ths later study, howsver, wouid
seem to be greater since altitude changes became sighals not bacause they
assumed some fixed numerical vaius, but because they were detected as
having a value that exceeded previously specifled upper or lowsr Iimits.

Mean dstection times obtalned In these two previous studies, along with
data for the confiict/no conflict a2ltitude events of the present study are
shown In Figure 4. Examination of this figure suggests that an Increase
in the leve! of information processing required for critical event
detection not only Increases average detection time, but appears also to
influence the decrement function. An ANOVA performed on the data of the
three studies supporied these Impressions by reveailng a significant
effect for processing level (F(2/101)=120.21, p<.001) and a significant
levei by periods Interaction (F(6/303)=4.85, p<.001). Since the analyses
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conducted In ali three of these studles found a significant main effect
for perliods, It is not surprising that it was aisc significant In this
analysis as wall (F(3/302)=13.35, P<.001).
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FIGURE 4. COMPARISON OF DETECTION TIMES FOR ALTITUDE EVENTS DIFFERING
IN ENFORMAT ION PROCESSING REQUIREMENTS.

In our previous study comparing monitoring performanceé under 8- ang
16-target conditions (Thackray and Touchstone 1985), it was hypothesized
that the reguirement to passively monitor large numbers of targets over a
prolonged period of time demands considerable effort, and that the greater
decrement in performance found under the higher taskload condition was a
reflection of the fatigue resutting from this effort. The results of the
present study suggest that such fatigue effects are confined primarily to
attentional processes; of the othar behaviors that were measured (decision
mak ing, short-term memory, ability to correctly carry out procedural
sequences, motor movement), none showed any increase in impairment over
the 2-hour session. Further, the present study, in agreement with our
earlier one (Thackray and Touchstone 1985), found that it was not
detection of events that are readily apparent to the observer that showed
evidence of decline under high taskicad conditions. Rather, it was
detection of those events that require considerable information processing
ir order to be "seen” by ithe observer that were most adversely affected by
prolonged monitoring under these conditions. Data presented in Figure 4
suggest that Information processing demands required for target detection
may interact with visual tasklcad to influence the rate of attentional
decliine under conditions involving extensive scanning of multipie targets.
Because this interpretation is based on a post hoc comparison ¢f 1ing
findings of several different studies, additicnal research to exz™ ~= 1
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effect of decltining attention on detsetion of targets differing
systematicaily In processing reguirements and preassnted under different
levels of visual taskicacd s required before more definltive statements
can be made. Hopefully, such research will enabie us to specify more
precisely the kinds of stimuius aventis that would benefit most from
computer-alded detactlion, sspaclaily with the higher ratios of alrcraft to
controtiers thavt are anticipated undar the more automated ATC systems
being contempiated (Swedish 1983).
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